ABSTRACT: Changes in chlorophyll a (chl a) and phaeopigment concentrations during 24 h incubations in water prefiltered through 2.0 pm Nuclepore filters were determined on a weekly basis over a period of 13 mo using water from Kaneohe Bay, a subtropical inlet in the Hawaiian Islands, USA. In bottles illuminated at a constant irradiance of 4.0 E m-' h-', both chl a and phaeopigment concentrations were consistently lower than initial values at the end of the incubations. Chl a concentrations declined at a lower rate in dark bottles than in light bottles. There was no evidence of a change in phaeopigment concentrations in dark bottles. There was no temporal pattern in the exponential decay rates of phaeopigments in light bottles over the course of the 13 mo study, the median value being 0.016 m2 E-' There was, however, evidence of a nonrandom temporal pattern in the chl a decay constants. Winter values were about twice as large as summer values, a result presumably reflecting changes in the physiology and/or species composition of the phytoplankton community. In about 30% of the incubations phaeopigment concentrations were higher than initial values at intermediate time points, in some cases by as much as a factor of 2 to 3 during the first 4 to 8 h of the incubations. These results are beheved to have been caused by stress associated with the effort to remove grazers by filtration. Inclusion of nanoplankton ( 2 to 10 pm) in the incubation bottles consistently resulted in a higher concentration of phaeopigments in the picoplankton fraction after 24 h than was the case in control bottles containing only picoplankton. In this study as in other work, prescreening through 10 pm filters appeared to be insufficient to eliminate grazing artifacts from phaeopigment photodegradation experiments. Dilution rather than filtration may be a more practical way to account for grazing effects in such studies.
INTRODUCTION
Chlorophyll a (chl a) concentrations have been used for many years by biological oceanographers as a measure of phytoplankton biomass (&chards & Thompson 1952 , Shuman & Lorenzen 1975 , Taguchi & Laws 1989 , and both phytoplankton growth rates and zooplankton grazing rates have been calculated from changes in chl a concentrations over time (Landry & Hassett 1982) . Certain chl a degradation products, namely phaeophorbide a and phaeophytin a, are ' 
School of Ocean and Earth Science and Technology contribution No. 3276 "Present address: Hokkaido National Fisheries Research
Institute, 116, Katsurakoi, Kushiro, Hokkaido 085, Japan indicators of grazing activity (Jeffrey 1980) . The potential use of these phaeopigments to study feeding relationships began to attract attention during the 1960s (Currie 1962 , Nemoto 1968 ) and was explored quantitatively in subsequent years (Shuman & Lorenzen 1975 , Welschmeyer & Lorenzen 1985 , Laws et al. 1988 . There is no doubt that phaeopigments are commonly produced by a wide variety of zooplankton, including copepods, euphausids, salps, and phagotrophic flagellates (Nemoto 1968 , Jeffrey 1980 , Stoecker 1984 , Parslow et al. 1986 , Sherr et al. 1986 , Dryden & Wright 1987 . The fecal material excreted by these organisms has a considerable range of sinking rates, from almost negligible values (Small et al. 1987 ) to about 100 m d-' (Lorenzen et al. 1983) . Phaeopigments packed in fecal pellets with rapid sink-ing rates are soon lost from the euphotic zone; those ejected in loose aggregates with low sinking rates may remain for a considerable period of time (Small et al. 1987) . The spatial distribution of phaeopigments has been well documented, and their dissimilar distribution to chl a has often been reported (i.e. Lorenzen 1967) . Those observations reflect the fact that different processes control the gain and loss of chl a and phaeopigments in the euphotic zone. The production of phaeopigments by grazers has proven to be a controversial subject, the calculated molar conversion efficiencies of chl a to phaeopigments ranging from virtually zero to 100% (Shuman & Lorenzen 1975 , Hendry et al. 1987 . Factors which affect the production and fate of suspended phaeopigments in the euphotic zone include: (1) the accumulation of phaeopigments within phytoplankton cells during adverse growth conditions (Hendry et al. 1987) ; (2) the release of phaeopigments in fecal material by micrograzers (Stoecker 1984) ; (3) the loss of phaeopigments due to coprophagy by microzooplankton and other groups of filter-feeders (Hofman et al. 1981 , Burkhill et al. 1986 , Klein et al. 1986 , Hendry et al. 1987 ; (4) the disappearance of phaeopigments due to photodegradation (SooHoo & Kiefer 1982a); and (5) the loss of phaeopigments due to enzymatic reactions (Hendry et al. 1987 ). The variety of processes which can alter the concentration of phaeopigments tends to confound any simple mechanistic interpretation of changes in their concentrations. When phaeopigments are assayed by fluorirnetric methods (Strickland & Parsons 1972) , the meaning of the results may be further confounded by the tendency of chl b to cause a systematic overestimation of the phaeopigment concentration (Loftus & Carpenter 1971 , Gibbs 1979 , Lorenzen & Jeffrey 1980 , Trees et al. 1985 , Vernet & Lorenzen 1987 .
Most phaeopigment studies have been concerned with mechanisms which produce phaeopigments. Relatively little attention has been devoted to a systematic study of the fate of suspended phaeopigments, the principal exception being the study of photodegradative processes (Moreth & Yentsch 1970 , SooHoo & Kiefer 1982a , Welschrneyer & Lorenzen 1985 , Klein et al. 1986 ). The results of these studies have not always led to consistent conclusions. For example, SooHoo & l e f e r (198213) and Welschmeyer & Lorenzen (1985) suggested that photodegradation of phaeopigments was iemperature-dependent and temperature-independent, respectively. The latter authors concluded that a single estimate of the photodegradation constant could be applied to a temperate fjord and the north central and south central Pacific gyres. The same photodegradation constant has been assumed in several other studies (Marra et al. 1987 , Litaker et al. 1988 ).
The purpose of the work reported here was to try to resolve some of the discrepancies in reported phaeopigment photodegradation characteristics or at least to identify factors responsible for the discrepancies. Specifically, we examined (1) the adequacy of prescreening through 10 and 2 pm Nuclepore filters to eliminate grazing artifacts, (2) temporal variability in the decay constants associated with photodegradation of chl a and phaeopigments, and (3) evidence for the accumulation and/or disappearance of phaeopigments during dark incubations. The null hypotheses were that prescreening eliminated grazing effects, there was no temporal variability in photodegradation constants, and there was no degradation of phaeopigments in the dark. Our results are based on a total of 48 experiments conducted over a period of 1 yr in Kaneohe Bay, a subtropical inlet on the island of Oahu, (Hawaii, USA).
MATERIALS AND METHODS
Water samples were collected at approximately 09:OO h from a location in the southeast sector of Kaneohe Bay (21'25.4' N, 157O47.2' W) on a weekly basis from December 10, 1986 to December 29, 1987 The water column at the station was about 10 m deep. Samples were collected by submerging a polypropylene screw-cap bottle to a depth of approximately 10 cm. The screw cap was not removed until the bottle was submerged in order to avoid contamination from surface films. Photosynthetically active radiation (PAR) was recorded continuously on the day prior to sample collection with a LI-COR Model L1 1905B light meter located on the roof of the Hawaii Institute of Marine Biology, 1.5 km from the sampling location. Surface temperature was measured to the nearest 0.1 'C with a mercury thermometer. The water samples were sequentially filtered through 10, 2, and 0.2 pm Nuclepore filters, with frequent filter changes to avoid clogging and possible damage of cells (Furnas 1987) . The filters were analyzed for chl a and phaeopigments on a Turner fluorometer using procedures recommended by Holm-Hansen et al. (1965) . The Nuclepore filter-induced increase in background fluorescence was subtracted from the readings (Venrick 1987), which were taken between 40 and 80 units on scale, at the maximum sel~sitivlry settlrig of the fluorometer. We will henceforth refer to the 0.2-2, 2-10 and > 10 pm fractions as the picoplankton, nanoplankton, and rnicroplankton, respectively, although it is customary to use 20 pm as the division between the latter 2 categories (Sieburth et al. 1978) .
Aliquots of the 2 bm filtrate were transfered to acidcleaned 500 m1 polycarbonate light or dark bottles and incubated for 24 h at a temperature of 24 "C and irradiance of 4 E m-2 h-'. The incubation temperature was chosen to be the annual average observed in situ (Taguchi & Laws 1987) and was maintained within 0.1 "C with the use of a temperature-controlled incubator. Artificial light was provided by an ORCON xenon lamp Model 1000 with PAR spectral characteristics similar to those of natural sunlight (air mass = 1). The level of irradiance was set close to the median value of highest hourly PAR based on daily records kept over the course of a year. The light level in the incubation bottle was determined for each experiment with a Biospherical Instruments Model QSL 100 scalar quantum sensor. At the beginning of the incubation, at 24 h and at 1 to 3 intermediate time points, duplicate subsamples were withdrawn from the bottles, filtered, and analyzed for chl a and phaeopigments as previously described. On 5 occasions parallel experiments were conducted with 10 and 2 pm filtrate to check for the possible effects of micrograzers in the 2-10 ym fraction.
Pigment concentrations were fit to the following equation to estimate the degradation constant k :
where PO and P, are the pigment concentrations (mg m-3) at the beginning of the incubation and at time t later, respectively. The following equation was employed to isolate changes in pigment concentrations associated with light effects:
where Pd is the pigment concentration (mg m-3) in a dark bottle at time t, and k'is the degradation constant corrected with values in dark bottles.
In order to check for possible artifacts in our phaeopigment estimates caused by chl b, we collected a total of 17 san~ples from the same station on a weekly basis during May-September, 1990, and analyzed them for pigment concentrations both with our Turner fluorometer and with a high-pressure liquid chromatography (HPLC) system (Bidigare et al. 1989) . The chl b concentrations obtained from the HPLC analysis were then used to estimate the probable error in our fluorimetrically determined phaeopigment concentrations (Vernet & Lorenzen 1987) .
RESULTS
The results of the 1990 study to estimate the error in the fluorirnetric phaeopigment concentrations caused by the presence of chl b are summarized in Table 1 . The chl alchl b and phaeopigment/chl b ratios averaged about 25 and 10, respectively. The overestimate of phaeopigment concentrations caused by chl bin the fluorimetric technique has been estimated to be anywhere from 1.0 to 2.5 times the chl b concentration (Vernet & Lorenzen 1987) . Given the mean chl b concentration of 34 pg m-3, this overestimate would amount to 34 to 85 pg m-3, or 10 to 24 % of the mean fluorimetrically determined phaeopigment concentration. Based on these results, it is probably fair to say that our fluorimetrically determined phaeopigment concentrations were not overestimated by more than 1 7 f 7%.
Most of the chl a and phaeopigments were found in the picoplankton and nanoplankton fractions. Together these 2 fractions accounted for 79 f 4 % (mean f 95 % confidence limits) and 89 f 3% of the chl a and phaeopigments, respectively, in our samples. About half of the chl a and phaeopigments were found in the picoplankton fraction, 52 f 4 % and 47 f 4 %, respectively.
Removing nanoplankton had no effect on picoplankton phaeopigment concentrations during the first 15 h of the incubations, but picoplankton phaeopigment concentrations were consistently higher in bottles containing nanoplankton at time points between 18 and 24 h (Fig. 1) . Phaeopigment concentrations in light bottles were lower than initial concentrations at the end of 24 h in all 48 experiments (Fig. 2) , a result consistent with the expected effects of photodegradation. However, phaeopigment concentrations were actually higher than initial concentrations at one or more intermediate time points in 14 of the light bottle experiments (Fig. 2) . Those 14 experiments clearly show that the change of phaeopigment concentration with time is not always well described by Eq. (1). Concentrations of phaeopigments at the end of 24 h in dark bottles were not significantly different from initial concentrations (paired t-test, p > 0.1), but differed by less than 10% of initial concentrations in only 8 experiments. In the other 40 dark-bottle experiments phaeopigment concentrations had increased by more than 10% of initial values in 16 cases and decreased in 24 cases. Table 2 summarizes median values of the estimates of k and k'. The data were analyzed for temporal variability based on the number of runs above and below the median value (Sokal & Rohlf 1969) . When the runs test indicated temporal variability significant at p < 0.05, the data were further analyzed for seasonal effects using a Kruskal-Wallis (KW) test.
There was no evidence of temporal variability in the phaeopigment degradation constants k and k ' (p > 0.05), nor was there evidence of a significant difference between k and k ' values (paired t-test, p>0.10). The median k and k ' values were both 0.064 h-' (Table 2 ).
Both numbers were significantly different from zero at p <0.01 (Tate & Clelland 1957) . Phaeopigment loss rates in the dark were not significantly different from zero, a result consistent with the assumption that degradation of phaeopigments is primarily the result of photochemical processes (SooHoo & Kiefer 1982b) .
Chl a concentrations declined in both light and dark bottles, the median k values being 0.071 and 0.029 h-', respectively. Both values were significantly different from zero at p < 0.05 (Table 2) (Table 2 ). Spring and fall values were intermediate. Landry et al. (1984) estimated that in September 1982, Chlorella sp. accounted for about 47% of the community carbon in the water column of Kaneohe Bay at a station near our study site. If this percentage were indicative of the contribution of chlorophytes to chl a, the error in fluorimetrically determined phaeopigment concentrations due to the presence of chl b could be quite large. Assuming a chl a/chl b ratio of 2.2 in chlorophytes (Wood 1979) , the chl a/chl b ratio of the phytoplankton community would be 2.2/0.47 = 4.7, and phaeopigments would be overestimated by a n amount equal to 21 to 53 % of the chl a concentration in the water (Vernet & Lorenzen 1987) . During our 1990 studies, however, the lowest chl a/chl b ratio measured on any of the 17 sampling dates was 8, and the median value was 25 (Table 1) . The apparent discrepancy between our HPLC results and the report of Landry et al. (1984) may be due to one or more of the following considerations: (1) Landry et al. (1984) may have encountered a somewhat atypical situation; (2) the microscopic analysis used by Landry et al. (1984) may have failed to distinguish chlorophytes from other small unicellular phytoplankton; or (3) the chl alchl b ratio in Kaneohe Bay chlorophytes may be higher than 2.2, although it seems doubtful, based on the summary of Wood (1979) , that the ratio would be greater than 4. Our calculated values of k and k', which are equal to the slopes of log-linear plots of phaeopigment concentrations versus time, would be biased by chl b interference only if the phaeopigment/chl b ratio systemati- cally changed during the course of the incubations. We have no direct check on the constancy of this ratio, but the results in Table 2 indicate that the phaeopigmentlchl a ratio increased by about 15 and 38% after 24 h in our light bottle and dark bottle incubat i o n~, respectively. If the phaeopigment/chl b ratios behaved in a similar manner, then the interference caused by chl b would have been reduced by a factor of 1.15 and 1.38 by the end of 24 h in the light and dark bottles, respectively. Since the bias caused by chl b appears to have been at most 24%, the maximum change in the bias would have been (0.15)(0.24) = 0.036 and (0.38)(0.24) = 0.091 in the light and dark bottles, respectively. The implication is that the phaeopigment k values may have been overestimated by about 0.036/24 = 0.0015 h-' and 0.091/24 = 0.0038 h-' in the light and dark bottles, respectively. The former figure is only about 2 % of the median calculated light bottle k value. The latter figure is almost 30% of the median calculated dark bottle k value, and hence tends to reinforce our conclusion that the dark bottle k value was not significantly different from zero. The seasonality apparent in the light degradation constant for chl a may well reflect seasonal changes in the physiology and/or species composition of phytoplankton in Kaneohe Bay (Taguchi & Laws 1987 ). The chl a content of a cell is a function of the prevailing irradiance (Falkowski 1980) , the nutritional status of the cell (Laws & Bannister 1980) , cell size (Malone 1980 ) and species identity (Chan 1980 ). The chl a : carbon ratio of cells is particularly sensitive to irradiance under nutrient-saturated conditions at light intensities approaching growth-rate-saturating values (Laws & Bannister 1980) . During the winter months the irradiance in Kaneohe Bay is about 20 % lower than in the summer (Fig. 3) , and it seems reasonable to assume that under winter conditions the chl a content of Kaneohe Bay phytoplankton is therefore near a maximum. Under such conditions exposure of cells to relatively bright light (4 E m-2 h-') could lead to a rapid cessation of chl a synthesis. Based on the work of Falkowski (1980 Falkowski ( , 1984 , the observed decline of chl a concentrations in our light incubation bottles probably reflects a n imbalance between normal chl a turnover and gross chl a synthesis rather than an actual bleachng of pigment. Our k values for chl a in the light are 20 to 70% of the chl a turnover rates estimated by Grumbach et al. (1978) for Skeletonema costatum. During the summer months any decline in chl a synthesis due to incubation in bright light would presumably be minimized by the fact that the cells had been light-adapted. This rationale is consistent with the seasonality of chl a light degradation rates in Table 2 .
DISCUSSION
If confinement in the dark for 24 h may be regarded as a limiting case of transfer from bright light to dim light, then the expected consequence would be a stimulation of chl a synthesis (Falkowski 1980 ). This explanation probably accounts for the fact that k values for chl a in the dark were less than half of the corresponding light values ( Table 2 ) . The fact that chl a concentrations consistently declined in the dark probably reflects the fact that prescreening through 2 pm filters removed virtually all protozoans and zooplankton, whose excretory products would normally have provided additional nutrients for pigment production. With an adequate nutrient supply, the expected consequence of dark confinement would be a net increase of the chl a concentration (Laws & Wong 1978) .
Welschmeyer & Lorenzen (1985) used a 10 pm nylon mesh to remove as many grazers as possible while allowing suspended phaeopigments and chlorophyll to pass through the screens. We used 2 pm Nuclepore filters in the present study due to the increasing evidence that some micrograzers can pass through a 10 pm Nuclepore filter (Cynar et al. 1985 , Goldman & Caron 1985 , Pace & Bahff 1987 . Landry et al. (1984) noted that the heterotrophic plankton community of Kaneohe Bay at the time of their experiments was dominated by bacteria, microflagellates, dinoflagellates, and ciliated protozoans, the latter 3 having diameters of approximately 5 , 7 and 30 pm, respectively. The microflagellates and dmoflagellates could easily have passed through our 10 pm filters, and the former accounted for almost 75 % of the heterotrophic ciliate and microflagellate biomass estimated by Landry et al. (1984) . The autotrophic commun~ty consisted almost entirely of chroococcoid cyanobacteria, Chlorella sp., and rnicroflagellates having diameters of approximately l , 3 and 5 pm, respectively (Landry et al. 1984) . It is apparent from this analysis that in the case of Kaneohe Bay removing organisms larger than 10 pm would not be a reliable method of elirmnatmg grazing effects in incubation bottles.
Impacts of grazing are strongly suggested by the fact that picoplankton phaeopigment concentrations were consistently higher in bottles containing nanoplankton after incubations of 18 to 24 h (Fig. 1) . The fact that differences in phaeopigments did not become apparent until the last 6 h of the experiment presumably reflects the fact that some time was required for phaeopigments produced by grazing in the incubation bottles to become significant relative to the concentration of phaeopigments. The expected behavior of the ratio shown in Fig. 1 can be determined by solving the differential equations describing the rate of change of chl a and phaeopigments in our incubation bottles.
where g = rate at which chl a is reduced by grazing; k, and k = decay constants for chl a and phaeopigments In light bottles (Table 2) ; phaeo = concentration of phaeopigments; and f = molar conversion efficiency of chl a to phaeopigments associated with grazing. When these equations are solved, the ratio R in inconsistent with a function having a negative curvature, and hence suggest that in these 5 cases k was greater than or equal to k , + g. An approximation of f g can be obtained using the chlo/Po ratio of 2.3 (Table 1) and by assuming k = k , t g. The 24 h results in Flg. 1 then imply that 0.13 c f g 0.57. For comparison, Landry et al. (1984) estimated grazing rates on chroococcoid cyanobacteria and Chlorella sp. in Kaneohe Bay to be 0.14 and 0.67 d-l, respectively, and the grazing rate on the total phytoplankton community to be 0.35 d-'. This comparison tends to reinforce our conclusion that filtration through 10 pm Nuclepore filters was rather ineffective in reducing grazing pressure.
Based on the results of Kopylov & Moiseev (1980 ), SooHoo & Kiefer (1982b argued that phagotrophic flagellates which could pass through a 10 pm Nucle-pore filter were bacterivorous, and that the impact of such flagellates on phaeopigment degradation constants would therefore be minimal. However, other studies have clearly indicated that phagotrophic flagellates can consume phytoplankton and produce phaeopigments (Stoecker 1984 , Parslow et al. 1986 , Sherr et al. 1986 , Dryden & Wright 1987 . Our results combined with the work of Landry et al. (1984) indicate that defecation by small flagellates can be a significant source of phaeopigments.
Based on a limited number of experiments, both SooHoo & Kiefer (1982b) and Welschmeyer & Lorenzen (1985) concluded that phaeopigment concentrations decline exponentially with time in incubation bottles when organisms larger than 10 pm are removed by prescreening. Although we prescreened our water through 2 pm Nuclepore filters, we observed an exponential decline in phaeopigment concentrations in only 70 to 75% of our experiments. In 14 of our 48 experiments, there was an increase in phaeopigment concentrations versus initial values at one or more intermediate time points, and in 10 cases the increase amounted to a factor of 2 to 3 within the first 4 to 8 h of the incubations.
It seems improbable that herbivore grazing would have accounted for such large increases in phaeopigment concentrations, particularly since our 2 pm Nuclepore filters should have removed virtually all herbivores. Although poor growth conditions and prolonged exposure in the dark can lead to the accumulation of phaeopigments in cells, these mechanisms also seem improbable causes of 2-to 3-fold increases in phaeopigments over a time period of 4 to 8 h. The most likely mechanism would appear to be stress to the cells associated with the filtration process (Goldman & Dennett 1985) . If this explanation is correct, the fact that phaeopigment increases were observed in only a small percentage of our experiments presumably reflects differences in the sensitivity of the phytoplankton community to filtration stress as a result of changes in species composition and/or subtle differences In filtration technique.
Regardless of the mechanism, the implication of our results is that the assumption of a simple exponential decline in phaeopigments with time in photodegradation experiments may be invalid. The problem of nonexponential decay is also apparent in the work of others. For example, although SooHoo & Kiefer (1982b) indicate that their data support the assumption of an exponential decline in phaeopigments with time due to photodegradation, the percentage of the variance accounted for by some of their least squares fits is as low as 51 %, and the corresponding regression slopes appear not to be significant at p<0.05. Time series studies and a careful examination of data can help avoid incorrect conclusions caused by experimental artifacts. We conclude from this work that filtration is in general not a satisfactory method for eliminating grazing artifacts in phaeopigment degradation experiments. A better solution to the problem would probably be a dilution approach similar to that employed by Landry & Hassett (1982) .
In order to correct insofar as possible for artifacts associated with nonphotochemical processes, we calculated an apparent photodegradation constant k ' using Eq. (2). Unexpectedly this exercise did little to improve the goodness of fit to our data. The percentage of phaeopigment semilog plots lacking a slope which was significant at 95 % confidence was reduced only from 29 to 25 %. The implication is that the mechanisms responsible for nonlinearity of the semilog plots caused random noise and/or produced effects which were not common to both the light and dark bottles.
The median of the slope obtained from the photodegradation of phaeopigments (Table 2 ) can be converted to the more common unit of m 2 E-' by dividing the k or k' values by the experimental irradiance of 4 E m-2 h-'. The corrected median values for both k and k' then become 1.6 X m2 E-', which is about 43 % of the average obtained by SooHoo & Kefer (1982b) and 26% of the value reported by Welschmeyer & Lorenzen (1985) . The latter suggested that the difference between their value and that of SooHoo & Kefer (198213) was due to the fact that SooHoo & l e f e r (1982b) measured irradiance using a meter equipped with a scalar collector, whereas Welschmeyer & Lorenzen (1985) used a meter with a cosinecorrected, flat-plate quantum sensor. Since we used a meter with a scalar collector, the roughly 2-fold difference between our value and that of SooHoo & Kiefer (1982b) cannot be attributed to a difference in light meters. Furthermore, since it is apparent from Fig. 1 that prescreening with a 10 pm rather than 2 pm Nuclepore filter resulted in a higher concentration of phaeopigments in our incubation bottles after 24 h, the difference between our results and those of SooHoo & Kiefer (1982b) cannot be attributed to the lack of nanozooplankton in our incubation bottles. The difference more likely reflects a combination of regional variations as noticed by SooHoo & Kiefer (1982b) and possibly temporal variability. SooHoo & Kiefer (1982b) reported regional variations in phaeopigment photodegradation constants amounting to about a factor of 8, and our data show about a 50 % change in k or k ' values over the course of a year in Kaneohe Bay.
The water column of Kaneohe Bay is well mixed most of the time due to tidal mixing and the prevailing Trade Winds (Smith et al. 1981) . Almost all properties of suspended particulate matter fail to show any significant stratification of the water column. At the station where the present study was conducted, the amount of light penetrating the water column is rapidly attenuated by the high concentration of suspended particulate matter. The median Secchi disc reading of 4.0 m (95% confidence range; 4 to 5 m) during the present study (Taguchi unpubl.) implies a visible light extinction coefficient of about 0.425 m-' (Poole & Atkins 1929) . Since the water column at our station is about 10 m deep and the median surface PAR about 25 E m-2 d-l, the average PAR in the water column, assuming a 5 % loss due to surface reflectance (Kirk 1986) , is (25)(0.95)(1 -e-4.25)/4.25 = 5.8 E m-2 d-l. Since phaeopigments are uniformly distributed within the water column, we can estimate the average phaeopigment photodegradation rate by multiplying this mean PAR value by the photodegradation rate constant of 0.016 m2 E-'. The photodegradation loss rate estimated in this way equals 9 % d-l, which is comparable to the washout rate of about 7% d ' estimated by Smith et al. (1981) . These 2 loss rates imply a residence time of about 6 d for suspended phaeopigments in the southeast sector of Kaneohe Bay. However, some loss of phaeopigments undoubtedly occurs due to coprophagy (Hofmann et al. 1981 , Small et al. 1987 , and it is probably unrealistic to assume that phaeopigments found in the water column are associated with particles that literally do not sink (Laws et al. 1988) . Hence a figure of 6 d is undoubtedly an upper bound on the true residence time of phaeopigments in the water column at this location in Kaneohe Bay.
Finally, both our data and the results of previous work (e.g. Venrick et al. 1977 , Bienfang & Takahashi 1983 clearly indicate that it is unrealistic to assume phytoplankton biomass to be constant in an incubation lasting more than a few hours; although such an assumption is commonly made, for example, in the calculation of photosynthesis:biomass ratios. Temporal variability of biomass must certainly be considered in 24 h incubations which span a normal light: dark cycle (DiTullio & Laws 1986). Furthermore, our results indicate that biomass measurements made only at the beginning and end of a long (e.g. 24 h) incubation can give a very incomplete picture of temporal trends, a conclusion also reached by Goldman et al. (1981) , Marin et al. (1986) and McClatchie & Lewis (1986) .
